given at an infusion rate of 0 6 ml/hour for periods ranging from 30 minutes to 12 hours.
infusion, serum enzymes and conjugated tissue dienes and malondialdehyde were measured and tissue samples were subjected to electron and light microscopy. Electron microscopy after 30 minutes showed moderate intracellular alterations. After 3*5 hours of cerulein infusion interstitial oedema and intravascular margination of granulocytes in the pancreatic gland were seen. After 12 hours histological evaluation showed pronounced zymogen degranulation, extensive tissue necrosis, and migration of granulocytes into the tissue. Amylase and lipase activities increased 15 and 35-fold respectively during this time. After 30 minutes of cerulein infusion conjugated dienes and malondialdehyde increased, they reached their peak after 3 5 hours and decreased to normal values after 12 hours. Treatment with superoxide dismutase (100 000 U/kg/hour) and catalase (400 000 U/kg/ hour) either before or after the start of the cerulein infusion prevented lipid peroxidation and reduced zymogen degranulation and tissue necrosis. Tissue oedema and inflammatory response, however, were not affected in any of the treated rats. Oxygen free radicals are instrumental in the development of acute pancreatitis. Even after its onset, scavenger treatment reduced the tissue damage normally observed.
Acute pancreatitis in humans leads to severe acinar cell damage, extensive interstitial, partly haemorrhagic oedema, and migration of neutrophilic granulocytes into the damaged pancreatic gland. ' 2 It has been shown that oxygen free radicals play an important role in the development of inflammation in other diseases. 
Results

UNTREATED RATS
Light microscopy of the pancreatic glands of the rats which had received a 30 minute infusion of cerulein showed that these seemed undamaged.
The first lesions become apparent after 3 5 hours and affected the entire gland. They were characterised by a moderate interstitial oedema, intravascular margination of granulocytes, the beginning of zymogen degranulation, and patchy acinar cell necrosis (see Table) . These lesions became worse after 12 hours of continuous cerulein infusion. The Fig 1) . Arrows show a swollen mitochondria with disrupted cristae (original magnification x 11 000). TREATED 
RATS
Superoxide dismutase and catalase treatment before infusion prevented the increase in conjugated dienes in the pancreatic tissue normally observed after 3-5 hours. At the same time the tissue malondialdehyde concentrations were only slightly raised. They did not, however, differ significantly from the control values. After 12 hours both conjugated dienes and malondialdehyde concentrations were the same as the normal range in the untreated rats (see Figs 5 and 6) .
Histological evaluation of the pancreatic tissue after 3-5 hours of cerulein infusion in untreated and pretreated rats showed that there were no significant differences between the groups. After 12 hours of cerulein infusion, however, histological examination showed that superoxide dismutase and catalase treatment, given one hour before cerulein, reduced zymogen degranulation and acinar cell necrosis. Only 21 (6 2)% of the acinar cells were severely damaged or necrotic compared with 60 (7)% in the untreated group (p<00001). At the same time, zymogen degranulation was 39-2 (10-6)%, significantly lower than in the untreated rats (84-2 (7-3)%) 5004 E 400
Es1 300 E Cs co 200-E Q-100-(p<OOOO1). Pretreatment with superoxide dismutase and catalase, however, had no influence on the development of tissue oedema or the stage of inflammatory response (see Table) . Moreover, in spite of the differences in zymogen degranulation, the enzyme activities did not differ significantly from the values after 3 5 and 12 hours in the untreated group (see Figs 3 and 4) .
Histological findings in animals treated with superoxide dismutase one hour after beginning cerulein infusion showed almost identical oedema formation and the same stage of inflammatory response as those in untreated rats. The extent of cellular necrosis was 21-4 (10-6)%, significantly less (p<0-0001) than in untreated rats (see Table) . Zymogen degranulation, although less than in untreated rats, was still more pronounced than in the pretreated group. At the same time, amylase and lipase activities were lower in the treated animals but because of the considerable variation the difference did not reach statistical significance (see Figs 3 and 4) . As in the other experimental groups, the lipid peroxidation in animals treated one hour after cerulein infusion was the same as control values (see Figs 5 and 6 ). '5 In all these studies, however, antioxidant treatment was given before the induction of acute pancreatitis. Guice et al6 used superoxide dismutase and catalase treatment before and after a 12 hour cerulein infusion and compared the histological outcome and the recovery of the pancreatic gland. In their study a single postinjury injection of superoxide dismutase and catalase was as effective as a continuous infusion of these scavengers given at the same time as cerulein. In their model, however, the pancreas was examined 12 hours after the end of cerulein infusion, that is at a time when the pancreas is beginning to recover from the cerulein infusion. 16 Nevertheless the study of Guice et al and our own results show that even after the initial onset of free radical generation and subsequent damage, treatment with free radical scavengers continues to be beneficial. This reflects the clinical situation more closely where the patient is admitted to the hospital after suffering from the first symptoms of acute pancreatitis.
Moreover, in patients suffering from pancreatitis, oxygen radicals seem to be important in the development of the disease. Braganza et al and Schoenberg et al found increased amounts of lipid peroxidation products, possibly derived from free radical oxidation, in the bile and tissue of patients suffering from acute or recurrent pancreatitis, or both. 7 8 In addition, Braganza et al administered acetylcystein, a well known radical scavenger, to a patient suffering from multiple organ failure due to severe pancreatitis. Within 72 hours of the treatment the patient's lung and renal function improved considerably.'9 Thus, it seems reasonable to assume that oxygen free radicals are generated in acute pancreatitis in man and add to the damage observed.20 Consequently, treatment with free radical scavengers could possibly interrupt these damaging pathomechanisms and the development of complications, and improve the final outcome in the disease.
